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A STATISTICAL MODEL OF NUCLEAR SHELLS

D, Ivanenko

V. Rodichev

Physics Faculty

Moscow State U imeni M. V. Lomonosov

By comparing the binding energles, mechanical magnetic and quadrupole mo- N
« ments of nuclei, and other data, a number of authors (Nordheim, Feenberg, Goep-

& pert-Mayer, M. A. Levitskaya, S. A. Shchukarev, and A. P. Znoyko) have con-

' cluded that nucleons in groups of

2, 8, 10, 20, 50, 82, 126 (1}

must form several closed nuclear layers or shells, similar to the electron
shells in atoms of the inert gases.

A mejority of the authors have decided on the following arrangement of the
shells:

2 6 2,,..110
(18)%(2p)~(25)°(32)™". .., (2)
vhich corresponds to the nuclei of Hel‘, 016, Neao, CAI‘O, etc. Elsasser's attempt
in 1934 to determine theoreticelly the order of nuclear levels with the help of
a model of a rectangular potentiel shell, leading to the series

1s, 2p, 34, 28, 4f; 3p, 58ye.s, (3)

is well known. 1In this series, however, the levels 3d and 2s must be inter-

changed even in the case of light nuclei. To obtain closed configurations con-
— taining 50, 82, and 126 particles in the case of heavy nuclei, the 2s, 3p, L4,

and other levels must be shifted forward with an increase of N and Z. :
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. We traced the formation of nuclear shells with the help of Thomans-Fermi
statistics, which in the atomic case correctly gives the number of electrons
which fill the s-, p-, and d-shells.

Integration of the equations cbtained by this method produced the follow- i

ing equation: .i

3 . "

. e = Z¢ = 1/12(24+1)°, (£ = 0,1, 2,....) (4) "'W :
%)
! from waich the following teble was drawn up for the number of nucleons £ill- ai

ing the 8-, p-, d-shells; the corresponding numbers for the electron shells
are included for corperison;

Closest Higher

level According to (&) Integer For Electrons
(o] s 0.08 1 1
1 P 2.25 3 5
. 2 d 10.42 11 21
3 T 26.58 29 58
4 g 60.75 61 --
5 h 110.92 111 -

From this table and formulas derived for the increase in the number of pu-
cleons with respect to the ezimuthal quantum number £, the folloving sequence
was obtained for £illing the levels:

. 2 (s)2 K-shell,
_ 10 (13)2(2p)%(2s)2 K+ L-shell, (5)
/ 28 (15)2(2p)®(25)2(30)2°(3p)6(36) 2 K+ L+ M-shell.

The number of nucleons forming closed shells, therefor. , is equal to
2, 10, 28, 60, 110, (6)

The sequence of levels and saells, as shown by (5), suggests the structure
of electron shells, differing from it only in the reverse order of the levels in
each shell and in the strict order in filling the shells, since each s.:cessive
shell begins to be filled only after all preceding shells are filled. The last
difference is probably due to the fact that attractive forces for the most part
act between nucleons, in eontrast to the repulsive forces between electrons.

In conclusion, we note that since arrengement (5) was obtained by a stetis- 1
. tical method, it is not possible to establish the filling sequence for a large
- numbex of nucleons beccuse the formulus used to obtain (5) are averaging form-
) ulss which do not teke into consideration the individual characteristics of nu-
clei. Therefors, although the relative error would decrease for large A's, the
absolute error could exceed tenths of units. In addition, the simplest law of 1
nuclear forces was used in the discussion, and thus no consideration was given
to thelr well-known spin, noncentral, and exchange effects,
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